This paper investigates the relevance of the two leading theories of city-industry growth (i.e., specialization and diversity theories) in accounting for the fast yet uneven growth of industries in China's cities. Using the data set of 29 two-digit manufacturing industries in 231 China's cities for the period 1998-2005, we …nd that specialization promotes city-industry growth, whereas diversity has no e¤ect at all. In addition, we …nd that specialization is important for the growth of mature industries in China, but diversity is crucial for the development of China's relatively new and fast-growing industries. Our study contributes to the literature by examining the relevance of the specialization and diversity theories for a large and fast-growing developing economy.
Introduction
China has had impressive industrialization and urbanization along with its economic reform in the last thirty years (Woetzel et al., 2008; Henderson, 2009 ). 1 During this process, however, the growth of industries has been uneven across China's cities. For example, cities such as Shenzhen and Dongguan, which were unheard of thirty years ago, are now the centers of several manufacturing industries such as electronics and telecommunications, while Shanghai has seen its leading position in many manufacturing industries eroded over the past three decades.
What accounts for the city-industry growth in China? To answer this question, we focus on the relevance of the two leading theories on the growth of industries in cities. On one hand, Marshall (1890), Arrow (1962) , and Romer (1986) posit that the concentration of an industry in a city helps to reduce production costs through supply of specialized inputs and knowledge exchange and, therefore, promotes the growth of that industry (in short, the specialization theory). 2 On the other hand, Jacobs (1969) argues that a diversi…ed industrial environment facilitates the transmission of technology and knowledge of di¤erent industries, thereby spurring innovations and local industrial growth (in short, the diversity theory). The dramatic and uneven growth of industries in China's cities allows us to investigate the relevance of the specialization and diversity theories for city-industry growth.
This paper draws on the data set of China's 29 two-digit manufacturing industries in 231 prefecture-level cities or above for the period 1998-2005. We …rst regress the city-industry growth rate between 1998 and 2005 on the measures of the city-industry specialization and diversity in 1998. It is found that specialization has a negative and statistically signi…cant coe¢ cient, whereas diversity has a positive and statistically signi…cant coe¢ cient, suggesting that diversity promotes but specialization hinders the city-industry growth in China. However, these results could be biased due to the lack of control for various industry and city characteristics that may correlate with the measures of the city-industry specialization and diversity. To deal with this concern, we include industry and city dummies, and re-estimate the impacts of city-industry specialization and diversity on city-industry growth. To our 1 The number of cities including both prefecture-level cities (Di Ji Shi in Chinese) and county-level cities (Xian Ji Shi in Chinese) has increased from 191 in 1978 to 652 in 2006 (China Statistical Yearbook, 1994 . The urban population increased from 172 million in 1978 to 577 million in 2006, with its share in the total population rising from 18 percent to 44 percent correspondingly (China Statistical Yearbook, 2007) . 2 For a recent review of the literature on the agglomeration externalities, see Rosenthal and Strange (2004) .
surprise, we …nd that specialization turns out to have a positive and statistically signi…cant coe¢ cient whereas diversity has a negative and statistically insigni…cant coe¢ cient, supporting the specialization theory but not the diversity theory. These results remain robust to the alternative measures of key explanatory variables and the use of the panel estimation method.
Our results imply that in China, it is industrial specialization, not diversity, that contributes to the growth of industries in cities. This is in contrast to the …ndings in the literature using data sets from developed countries. For example, using the data set of the six-largest manufacturing industries in 170 cities of the United States between 1956 and 1987, Glaeser et al. (1992) …nd support for the diversity theory but not for the specialization theory. A recent theoretical paper by Duranton and Puga (2001) provides a possible explanation for these divergent …ndings. They argue that new and fast-growing industries can bene…t from innovations by being located in diversi…ed cities, but mature industries can lower down their production costs by being located in specialized cities. Indeed, most of China's manufacturing industries are concentrated in mature industries, whereas the driving force for the economic growth in the United States comes from the new and fast-growing industries. To lend further support to this explanation, we follow Henderson et al. (1995) by dividing our sample into two groups of industries: mature industries and fast-growing industries. Consistent with the above explanation and …ndings by Henderson et al. (1995) , we …nd support for the specialization theory in the mature industries, but support for both the specialization theory and the diversity theory in the fast-growing industries.
This paper is built on a large literature on the growth of industries in cities. In an in ‡uential paper, Glaeser et al. (1992) …nd support for the diversity theory, but not for the specialization theory, in the case of the United States. In a further study on city-industry growth in the United States, Henderson et al. (1995) report evidence for the specialization theory in mature industries, but support for both the diversity and specialization theories in new and fast-growing industries. 3 Our study contributes to the literature by examining the relevance of the specialization and diversity theories for a large and fast-growing developing economy. Our …ndings suggest that di¤er-ent determinants of the city-industry growth may be at work for economies at di¤erent development stages. This paper is also related to an emerging literature on China's urbanization, covering the determinants of China's urbanization (e.g., Young and Deng, 1998; Au and Henderson, 2006a; Deng et al., 2008 ), China's city size distribution (Song and Zhang, 2002) , and urbanization and labor productivity (Prud'homme, 2000; Au and Henderson, 2006b ). The focus of this paper is on the relevance of the specialization and diversity theories for city-industry growth, the …ndings of which have important policy implications.
The paper proceeds as follows. Data and variables are discussed in Section 2, and the main empirical …ndings are reported in Section 3. The paper concludes in Section 4.
Data and Variables
Our data is from the annual surveys of industrial …rms (ASIF) conducted by the National Bureau of Statistics of China for the period of 1998 to 2005. These annual surveys cover all state-owned enterprises, and those non-stateowned enterprises with annual sales of …ve million RMB (Chinese currency) or more. The number of …rms covered in the surveys varies from over 146,000 to approximately 250,000.
Our study needs precise location and industry information of our sample …rms. The data set provides information on the address and regional codes of each …rm. During the sample period, however, China's administrative boundaries and consequently its county, city, or even provincial codes experienced some changes. For example, new counties were established, while existing counties were combined into larger ones or even elevated to cities. From 1998 to 2005, the number of counties in China increased from 2,496 to 2,862 (a total of 366), while the number of changes in the county codes was 648. From 1998 to 2005, the number of prefecture-level cities or above increased from 231 (4 municipalities, 15 vice provincial cities, and 212 prefecture-level cities) to 287 (4 municipalities, 15 vice provincial cities, and 268 prefecturelevel cities). Using the 1999 National Standard (promulgated at the end of 1998 and called GB/T 2260-1999) as the benchmark codes, we convert the regional codes of all the …rms to these benchmark codes to achieve consistency for the regional codes in the whole sample period.
Panel A of Table 1 shows the top …ve cities in terms of total manufacturing employment in 1998 and the top …ve manufacturing industries within each of these cities. Shanghai is the largest city with a total manufacturing employment of 2,277,312, followed by Tianjin (1, 187, 517) For each …rm in the data set, there is also information on its primary two-digit, three-digit, and four-digit industry codes. However, in 2003, a new classi…cation system for industry codes (called GB/T 4754-2002) was adopted to replace the old classi…cation system (called GB/T 4754-1994) that had been used from 1995 to 2002. To achieve consistency in the industry codes for the whole sample period (1998-2005), we convert the industry codes in the 2003-2005 data to the old classi…cation system by using a concordance table (in the case of a new four-digit code corresponding to an old four-digit code or several new four-digit codes corresponding to an old four-digit code) or by assigning a new code for an old code based on product information (in the case of several old four-digit codes corresponding to a new 4-digit code).
Panel A of Table 2 shows the top …ve manufacturing industries in terms of total manufacturing employment in 1998 and the top …ve cities in each of these industries. Textile is the largest manufacturing industries with a total manufacturing employment of 5,023,305, followed by nonmetal mineral products (3,902,075), raw chemical materials and chemical products (3, 406, 740) , ordinary machinery equipment (3, 165, 430) , and transport equipment (3, 142, 490) Table 2 ). The three new industries that made it to the top …ve were electronics and telecommunications (4,283,408; ranked #2), electric equipment and machinery (3, 455, 391 ; ranked #4), and garment and other …ber products (3, 337, 773 ; ranked #5). It is interesting to note that there were some degrees of coagglomeration among the …ve top industries of 2005, that is, electronics and telecommunications industry and electric equipment and machinery industry, and textile industry and garment and other …ber products industry.
The dependent variable for our study is the logarithm of growth rate of employment or output 4 of industry i in city c between 1998 and 2005 (denoted by G ic ), where industry i is from the 29 two-digit manufacturing industries, and city c is from the 231 prefecture-level cities or above. Speci…cally, for the construction of G ic , we aggregate the employment or output of all the …rms in industry i and city c from our data set for both 1998 and 2005, 5 and calculate the logarithm of its growth rate accordingly. A list of the two-digit industries is provided in Appendix A, and a list of the 231 cities is shown in Appendix B.
The top …ve city-industry pairs in 1998, shown in Panel A of Table 3 , are transportation equipment in Shanghai, electronics and telecommunications in Shenzhen, machinery and equipment in Shanghai, smelting and pressing of ferrous metals in Shanghai, and electrical equipment and machinery in Shanghai in descending order. By 2005, the top …ve city-industry pairs (shown in Panel B of Table 3 ) have become electronics and telecommunications in Shenzhen, electronics and telecommunications in Suzhou, electronics and telecommunications in Shanghai, raw chemical materials and chemical products in Guangzhou, and electronics and telecommunications in Dongguan. In terms of the growth rate between 1998 and 2005, the top …ve cityindustry pairs are: petroleum re…ning in Xuchang, timer processing in Yulin, garment in Longyan, stationery, educational and sports goods in Shenyang, and chemical …bers in Lanzhou, whereas the bottom …ve city industry pairs are: leather and furs products in Haerbin, chemical …bers in Jinan, timber processing in Xingtai, rubber products in Nanning, and rubber products in Urumqi (see Table 4 for details). These dramatic changes (e.g., from four of the top …ve city-industry pairs in 1998 located in one region, Shanghai, to four of the top …ve city-industry pairs in 2005 located in one industry, electronics and telecommunications) illustrate the fast and uneven industry growth in China's cities, a¤ording us an ideal setting to investigate the relevance of the city-industry growth theories.
Our key explanatory variables are Specialization and Diversity, corresponding to the two leading theories of industry growth in cities. For industry i in city c, we measure the degree of specialization by the employment (or output) share of the industry in the city over the corresponding share of the industry in the national total. Speci…cally, it takes the following form:
where y ic is the employment (or output) of industry i in city c; y c is the total employment (or output) in city c; y i is the total employment (or output) of industry i; and y is the total employment (or output) of all those industries and cities. Hence, Specialization ic > 1 indicates that city c is more specialized in industry i relative to the national average. Studies using this measure of specialization include Glaeser et al. (1992) and Henderson (1997) .
91% of the total sample. By 2005, the corresponding number increased to 224,286, or about 94% of the total sample.
For industry i in city c, we measure the extent of diversity by one minus the sum of the square of employment (or output) share of all industries other than industry i in the same city c. Speci…cally,
where s kc is the employment (or output) share of industry k in city c. A higher value of Diversity ic implies a greater extent of diversity. Studies using this measure of diversity include Henderson et al. (1995) , Henderson (1997 Henderson ( , 2003 , and Gao (2004). As in Glaeser et al. (1992), we include the following control variables in the regressions. The …rst control is the initial city-industry employment (or output) measured by the logarithm of employment (or output) in industry i and city c in 1998, which is used to account for the possible catching-up e¤ects. The second one is the logarithm of average wage in industry i and city c in 1998 as a control for the possible e¤ects caused by the relocation of …rms to low-wage areas or the migration of workers to high-wage areas. The last one is the the degree of competition of industry i in city c in 1998, which is measured by the number of …rms per worker of industry i in city c over the number of …rms per worker of industry i in the national total (à la Glaeser et al., 1992) . Alternatively, the degree of competition is measured by the negative value of the Her…ndahl Index of industry i and city c. Table 5 lists the summary statistics of all the variables, and Table 6 gives the correlations of the key variables.
Empirical Analysis

Main Results
To investigate the relevance of the specialization and diversity theories on the city-industry growth in China, we estimate the following equation:
where X 0 ic is a vector of control variables. To deal with possible heteroskedasticity issues, we use the White-robust standard errors.
The benchmark estimation results, in which Specialization ic and Diversity ic are measured by employment data, are reported in Table 7 . Columns 1-2 use Specialization ic and Diversity ic separately, and Column 3 includes both of them together. It is found that Specialization ic has a negative and statistically signi…cant coe¢ cient, while Diversity ic has a positive and statistically signi…cant coe¢ cient. These …ndings imply that industries grow faster in cities with higher city-industry diversity but lower city-industry specialization, lending support to the diversity theory but not to the specialization theory.
These results, however, could be biased due to the lack of control for various industry and city characteristics that may correlate with the measures of city-industry specialization and diversity, that is, E(Specialization ic " ic ) 6 = 0 and E(Diversity ic " ic ) 6 = 0. To deal with this possible concern, we then include industry and city dummies, and re-estimate equation (3) . As shown in Column 4 of Table 7 , once the industry and city dummies are included, our early results become completely reversed. 6 Speci…cally, Specialization ic turns out to be positively and statistically signi…cantly correlated with industry growth in cities, but Diversity ic does not have any signi…cant impact on industry growth in cities. These …ndings imply that city-industry specialization promotes industry growth in cities, while city-industry diversity has no e¤ect at all.
The complete reversal in our regression results when industry and city dummies are included implies the importance of accounting for industry and city characteristics. Speci…cally, the omitted variables are expected to be negatively correlated with the measure of specialization but positively correlated with that of diversity. One important determinant for city-industry growth in China is the industrial policies adopted by the local city o¢ cials. It is well documented that under the centrally-planned economy local bureaucrats were instructed to pursue well-diversi…ed economies even at suboptimal scales (called Xiao Er Quan in Chinese), partly for the national defense strategy (e.g., Henderson, 2009 ). Such pursuit of small but diversi…ed local economies has persisted during China's economic reform. This is because the promotion prospects of China's local o¢ cials depend on the local economic development, and for risk-diversi…cation concerns, local o¢ cials tend to mimic one another in developing what is considered as strategically important industries. Indeed, virtually every Chinese city has its economic and development zones. In other words, local city o¢ cials favor industrial diversity rather than industrial specialization. The omission of such variables would naturally lead to over-estimated impacts of diversity, but under-estimated impacts of specialization.
Robustness Checks
In this sub-section, we conduct a series of robustness checks on our aforementioned regression results.
Output data. Some studies in the literature have used output data to measure city-industry specialization and diversity (e.g., Gao, 2004) . We therefore use output data to measure the dependent variable and all the relevant explanatory variables, and repeat the analysis. Column 1 of Table 8 summarizes the estimation results, and it is clear that our main results (i.e., shown in Column 4 of Table 7 ) remain robust.
Alternative measure of competition. Our measure of Competition in the benchmark estimation follows that of Glaeser et al. (1992) , that is, the number of …rms per worker of a given industry in a given city over the number of …rms per worker of the industry in the national total. For robustness check, we use the negative value of the Her…ndahl Index to measure the degree of competition. Regression results are reported in Column 2 of Table 8 when employment data are used, and in Column 3 of Table 8 when output data are used. Clearly, the results are similar to our earlier …ndings.
4-digit industry level analysis. Thus far, our analysis is at the 2-digit industry level to be comparable to the literature (e.g., Glaeser et al., 1992) . However, for a fast-growing economy like China, industrial dynamic could be di¤erent from those relatively mature economies like the U.S., especially at a more disaggregate level. Meanwhile, there is a concern whether our contrasting …ndings are driven by the de…nition of the industry, i.e., 2-digit level. To address these concerns, we carry out an estimation at a more disaggregate level, that is, 4-digit industry level. Regression results are reported in Column 1 of Table 9 . Evidently, we …nd a much similar results.
Panel estimation. Our main results show the importance of controlling for industry and city characteristics that may correlate with the measures of city-industry specialization and diversity. While the inclusion of industry and city dummies is one way to deal with this problem in the literature (e.g., region dummies are used in Henderson et al., 1995 for each industry estimation; whereas industry dummies are used in Gao, 2004) , an alternative way is to use the panel estimation in which industry-city dummies are included to account for all possible time-invariant omitted variables (e.g., Henderson, 1997 Henderson, , 2003 . Thus, for robustness check, we use the panel estimation (with six-year city-industry growth, the longest possible panel setting in our data set) and report the regression results in Column 2 of Table 9 . It is found that specialization has a positive and statistically signi…cant impact on six-year city-industry growth, consistent with our earlier results.
Sample attrition. The ASIF data set that we have used does not include small private …rms (those non-state-owned …rms with annual sales less than …ve million RMB). This may raise a concern of sample attrition, that is, the computed city-industry growth rate may not well capture the real growth rate. To address this concern, we use the two industry censuses conducted in 1995 and 2004, respectively, which contains all manufacturing …rms in China at these two years. We then regress the ten-year city-industry growth rate on the level of specialization, diversity and competition in 1995 along with other initial controls. Regression results are reported in Column 3 of Table 9 . Clearly, we …nd consistent …ndings, that is, specialization has a positive and statistically signi…cant impact whereas diversity does not have a signi…cant impact. These results reassure us that our baseline results are not a¤ected by the truncation nature of the ASIF data set.
Discussion
Our study shows that in China, industries grow faster in cities with greater industrial specialization. This is in contrast to the …ndings using data from developed countries, for example, the support for the diversity theory but not for the specialization theory found by Glaeser et al. (1992) in the case of the United States. One possible explanation for the divergent …ndings is based on the theoretical argument put forward by Duranton and Puga (2001) . They propose that new and fast-growing industries can bene…t from more innovations by being located in diversi…ed cities, but mature industries can lower their production costs by being located in specialized cities. Along with globalization, developed countries become specialized in new and fastgrowing industries, while developing countries focus on mature industries. Hence, industrial diversity in cities is important for city-industry growth in developed countries, while specialization is crucial for city-industry growth in developing countries. Following the logic of the above explanation, we would expect that specialization is important for mature industries in China, but diversity is crucial for its relatively new and fast-growing industries. As in Henderson et al. (1995) , we focus on two sub-samples of industries: mature and fast-growing industries. Speci…cally, following Henderson et al. (1995) , mature industries are de…ned as those three-digit industries that experienced employment drop during the sample period (1998-2005), whereas fast-growing industries are de…ned as those three-digit industries that had employment more than doubled during the sample period. For the list of those mature and fast-growing industries, see Appendix C. The regression results are shown in Table 10 , with column 1 for the mature industries and column 2 for the fast-growing industries. Indeed, we …nd strong support for the specialization theory in the mature industries, but for both the specialization and the diversity theory in the fast-growing industries. These results are similar to those found by Henderson et al. (1995) .
Uncovering Industry and City Characteristics
Recall that once industry and city dummies are included in the regressions, we …nd support for the specialization theory but not for the diversity theory, which is in sharp contrast to the …ndings without the dummies (i.e., support for the diversity theory but not for the specialization theory). This highlights the importance of accounting for industry and city characteristics in estimating the relevance of di¤erent theories for city-industry growth.
To uncover those industry and city characteristics, we carry out two series of exercises. First, we keep the city dummies, but replace the industry dummies by the stepwise inclusion of industry-level variables such as industry capital intensity, average age, concentration, average productivity, debt to asset ratio, import tari¤ rates, priority industry, SOE ratio, and privatization ratio. Regression results are reported in Table 11 . It is found that along with the stepwise inclusion of industry characteristics, the coe¢ cient of specialization changes from negative and statistically signi…cant to positive and signi…cant. The coe¢ cient of diversity remains positive but becomes statistically insigni…cant. The regression results when all general industry-level variables are included are close to what we have with the industry dummies, suggesting that these four industrial characteristics capture most of the industry characteristics that may correlate with the measures of city-industry specialization and diversity.
Second, we keep the industry dummies but replace the city dummies by the stepwise inclusion of city-level variables such as per capita GDP, population density, realized FDI, road density, the ratio of students in higher education over total population, …nancial development, and coastal area. The regression results are reported in Table 12 . It is found that along with the stepwise inclusion of city characteristics, the coe¢ cient of specialization changes from negative to positive but remains statistically insigni…cant. The coe¢ cient of diversity remains positive and statistically signi…cant. The regression results suggest that these general city-level characteristics only capture part of the city characteristics that may correlate with the measure of city-industry specialization but not that of city-industry diversity. As discussed in Section 3.1, the policies adopted by local city o¢ cials are expected to have signi…cant impacts on city-industry growth. Future studies should be directed at understanding the motives of local city o¢ cials and classifying and incorporating city-industry policies into the analysis.
Conclusion
China has had fast yet uneven growth of industries in cities in the last thirty years. This prompts us to investigate what accounts for the city-industry growth in China. In this paper, using a data set of 29 two-digit manufacturing industries in 231 China's cities for the period 1998-2005, we examine the relevance of the two leading theories for industry growth in cities (i.e., the specialization theory by Marshall, Arrow, and Romer, and the diversity theory by Jacobs). We …nd that city-industry specialization promotes industry growth in cities, while city-industry diversity has no e¤ect at all. These results lend support to the specialization theory but not for the diversity theory. They have direct policy suggestions for fostering industrial agglomeration and regional specialization in China, given that there is evidence suggesting that the partial reform approach adopted by the Chinese government in the last thirty years has led to local protectionism and insu¢ -cient specialization of industrial activities (Young, It is also important to point out that our …ndings on the importance of city-industry specialization are in contrast to the …ndings using data from developed countries, for example, the support for the diversity theory but not for the specialization theory found by Glaeser et al. (1992) in the case of the United States. One possible explanation for the divergent …ndings is that di¤erent determinants of the city-industry growth may be at work for economies at di¤erent development stages. Speci…cally, industrial diversity in cities is important for the new and fast-growing industries, which are the drivers of economic growth in developed countries, while specialization is crucial for the growth of mature industries in cities, which constitute most of the economic activities in the developing countries. 
